The completion of registries for Type I (insulin-dependent) diabetes mellitus in numerous countries has revealed striking geographic differences in the incidence of the disease [1] [2] [3] . This variation is particularly evident when comparing populations from Northern Europe with those from Asian countries [1] . For example, a child in Finland has an estimated risk for developing Type 1 diabetes which is almost 40 times greater than a child in Japan, China or Korea. The age-adjusted incidence rate in this Scandinavian country is = 30 per 100,000 per year [3] , while the rate is less than 1 per 100,000 per year in Japan [1] . Even among Caucasians, there is distinct variability in the annual incidence of the disease. Rates are much lower in Central and Southern Europe (e.g., France: 7 per 100,000 per year [4] ; Northern Italy: 4-10 per 100,000 per year [5] [6] [7] ) than in Northern Europe (Norway: 20.5 per 100,000 per year [8] ; Sweden: 23.6 per 100,000 per year [9] ). These data provided the basis for speculating that a north-to-south incidence gradient exists in which environmental factors, such as viruSes [10, 11] , nutrition [12, 13] or other life-style habits [14] [15] [16] are contributing to the world-wide patterns of Type 1 diabetes [1] [2] [3] .
This idea was recently challenged by data from Sardinia and Spain, where the annual Type i diabetes incidence rates are 32 per 100,000 [17] , and 11.3 per 100,000 per year [18] , respectively, despite being on similar latitudes. A possible explanation for this remarkable difference was found in the unusual genetic features of the Sardinian population [19] , which was recently emphasized by two independent research groups [17, 20, 21] . A study of five populations also suggests that the variation in the frequency of Type i diabetes susceptibility genes across populations is reflected by Type 1 diabetes incidence rates [22] .
It has recently been shown that the absence of aspartic acid in position 57 of the DQ13chain (non-Asp 57) is positively associated to Type i diabetes [23] [24] [25] , and that the influence of this marker is even more dramatic when the typing of the DQa chain is also considered [26, 27] . In the current report, the frequency of HLA-DQ a and 13 alleles, ascertained from randomly selected cases from the Madrid Type 1 diabetes registry and unrelated non-diabetic control subjects from the general population at risk, was determined.
Subjects and methods
For this investigation, 102 diabetic patients were randomly selected, according to standardized methods, from those identified by the Madrid Type i diabetes registry. All Type i diabetic patients were on in- [18] . Fifty-seven were male, 45 were female; their mean current age was 14 years (range: 3-25 years). Eighty-seven control subjects, with no history of Type I diabetes, were randomly selected from the same geographical area, according to a standardized protocol [22] . This sampling procedure permitted the identification of non-diabetic control subjects with the same age and sex distribution as the population at-risk for the time period covered by the registry. Their mean current age was 16 year (range: 5-29 years). Forty were male and 47 were female. The epidemiologic procedures developed for selecting Type 1 diabetic patients and non-diabetic control subjects are those currently employed for the WHO Multinational Project for Childhood Diabetes [28] .
Peripheral blood lymphocytes (PBL) from all donors were used for the molecular typing of the most common HLA-DQ c~ and/3 chain gene allelic forms [29] . To this aim, DNA was extracted from each individual's PBL using standard techniques [30] . The genomic DNA was subjected to polymerase chain reaction (PCR) amplification [31] of the second exon of the DQaand/3chain genes, each encoding the most polymorphic, first external domain of their respective chains, as previously described [21, 24, 32] . The procedure was carried out using for the DQ/3 typing the following primers for amplification: P2: 5'-GATFTCGTGTACCAGTTTA AGG-3' and Pw4: 5'-CTCGTAGTTGTGTCTGGCACAC-3'. For DQoc typing instead we used primers PT: 5'-GTGCTGCAGGTGTAAACTTG-TACCAG-3'; and PS: 5'-CACGGATCCGGTAGCAGCGGTA-GAGTFG-3'. Successful PCR amplifications were obtained from each individual's genomic DNA using the thermostable Taq polymerase and a Thermocycler from Perkin Elmer Cetus (Norwalk, CT, USA), After 30 cycles of amplification, 0.5 gg of DNA yielded a product of 237 base pairs (bp) for the DQflgene and a product of 242 bp for the DQ ~z gene. Dot blot analysis was carried out using 16 % of either the c~or flamplified material from each individual, diluted in 0.4 mol/1NaOH, 25 mmol/1EDTA and applied to Ny-M. D. Gutierrez-Lopez et al.: Susceptibility to Type i diabetes in Spain tran membranes (Schleicher and Scheull, Keene, NH, USA) using a Biodot apparatus (BioRad, Rockville Centre, NY, USA). The DNA was crosslinked to the membrane by ultraviolet irradiation and prehybridized at 42 ~ The blots were probed at 42 ~ overnight with allele specific oligonucleotide probes. The filters were then washed with 6 x SSC (1 x SSC = 0.15 tool.l-1 NaCL 0.015 tool-l-1 Na citrate) 0.1% sodium dodecyl sulphate (SDS) at the temperatures indicated below to remove any probe that had one or more mismatches with the target sequence. The following oligonucleotide probes were used to identify DQ/3 specific alleles: DQB1 To better distinguish DQBI*0301 from 0302 and 03032, which frequently cross-hybridize, the use of an additional probe specific for DQBI*0301 around AA26 was necessary: DQBl*0301-26: 5'-CGTGCGTTATGTGACCA-3' (AA 23-29) at 52 ~ When doubts were still present, our "digestion" method [32] was used to establish the correct typing.
DQ c~ typing was performed in the same manner except that the following allele specific oligonucleofides were used as radiolabelled probes to identify the specific alleles: DQAI*0101, 0102, 
Stat&tical analysis
The gene frequencies were obtained by counting the total number of specific DQ~ and/3 chain gene allelic forms, as defined by oligoprobe analysis, for the diabetic and non-diabetic individuals. 2 a values were calculated using the Yates correction. When the expected frequency in one of the four cells of the 2 x 2 tables was less than 5, the Fisher exact test was used instead. All the p values were corrected for multiple comparisons. Estimates of the relative risk (RR) associated with particular DQ alleles in the different individuals were calculated using Woolf's method, as modified by Haldane for small sample sizes when appropriate [34] . Genotype-specific incidence rates were calculated, as previously described, by expressing the overall incidence of Type 1 diabetes in a given population as a weighted average of the genotype-specific rates and the proportions of the populations exhibiting each genotype [22] .
Results
The frequencies for all the DQB1 alleles identified in the Type 1 diabetes cases and non-diabetic control subjects from Madrid are shown in Table 1 . DQBI*0501 and 0602 Within each cell, the numbers listed represent diabetic patients/control subjects. Notation for DQA1 alleles is described in Table 1 . Non-Asp 57 and Arg 52 alleles are in boxes alleles in the studied population were found to be somewhat higher, and DQBI*0201, 0301 and 0402 were lower than expected when compared to those for Caucasian populations [21] . Statistically significant increases in the frequencies of the non-Asp 57 DQBI*0201 and 0302 alleles among the diabetic compared to the non-diabetic subjects confirmed that these are the most common 585 "diabetogenic" alleles among the Spanish population. On the contrary, the frequency of the Asp 57 DQBI*0602 allele was significantly decreased among the diabetic patients 0f = 41.3,p < 0.001), illustrating that this allele was strongly protective against Type i diabetes. Interestingly, the low prevalence of the DQBI*0501 allele among the diabetic patients vs control subjects (Z a = 21.0, p < 0.001) seemed to suggest that this non-Asp 57 allele is not diabetogenic, at least in this Spanish population.
Relative and absolute risks were estimated for nonAsp 57 homozygotes, heterozygotes and Asp 57 homozygores by combining all Asp 57 positive and negative alleles, respectively ( Table 2 ). Relative to Asp 57 homozygotes, non-Asp 57 homozygotes had more than a nine-fold increase in Type 1 diabetes risk Co < 0.001), with an absolute risk estimate which was three times greater than the annual Type i diabetes incidence rate for the general Madrid population. In contrast, the absolute risk for heterozygotes and Asp 57 homozygotes was similar and quite low.
To evaluate the distribution of the DQA1 alleles (Table 1) , the frequencies were calculated for only four groups, so defined, to allow a precise distinction between Arg 52 negative (DQAI*0101, 0102, 0103, and 0201) and Arg 52 positive (DQAI*0301, 0401, 0501, and 0601) alleles. Comparisons of the frequencies of each of the four groups of alleles between diabetic and non-diabetic individuals revealed that they were statistically different (p < 0.001). Eighty-nine percent of the alleles found in the diabetic individuals were Arg 52 positive.
Relative to non-Arg 52 homozygotes, Arg 52 homozygotes were 45 times more likely to develop Type 1 diabetes (p < 0.01) and heterozygotes had a 7.5-fold increase in risk (p < 0.01) ( Table 2 ). The absolute risk for Arg 52 homozygotes was similar to that for non-Asp 57 homozygotes.
Sixty-five percent of the Type i diabetic individuals were homozygous for both DQfl non-Asp 57 and DQ~z Arg52 alleles, with the major components being DQB1*0201/0302 and DQA1 group 3/4, DQBI*0201/ 0201 and DQA1 group 4/4, and DQB1*0201/0201 and DQA1 group 3/4 (Tables 3 and 4). Twenty-six percent of the diabetic patients were heterozygous at one or two of the loci considered, but carried at least one DQfl nonAsp 57 and one DQ~z Arg 52 allele. Only 8% were missing either both DQfl non-Asp 57 alleles (six individuals) or both DQ~zArg 52 alleles (two individuals). Thus, 92 % of the diabetic patients carried at least one copy of the DQfl non-Asp57 and DQ~z Arg 52 allele that can make a "diabetogenic" heterodimer either in cis or in trans associations. In the control population, however, only six individuals of the 87 (7 %) were homozygous for both DQfl non-Asp 57 and DQ aArg 52 alleles, 38 (44 %) were heterozygotes at least at one of the two loci, and 43 (49 %) were missing either both DQflnon-Asp 57 alleles or both D Q ~z Arg 52 alleles.
Relative risks for various DQfl and DQa genotypes were first calculated by comparing each possible combination with the Asp 57 homozygous and non-Arg 52 homozygous group, which are likely to be least susceptible to Type i diabetes (Table 4) . Individuals with both DQfl non-Asp 57 and DQc~Arg 52 positive had more than a 30-fold relative increase in risk for Type i diabetes (p < 0.01) and the highest absolute Type i diabetes risk. These individuals can produce four possible "diabetogenic" heterodimers, considering both in cis and in trans combinations, while individuals heterozygous for at least one of the loci can produce only two such molecules. Those who were non-Asp 57 homozygous and heterozygous for Arg 52, as well as those who were heterozygous for Asp 57 and homozygous for Arg 52, had a slightly increased risk relative to those with the Asp 57 homozygous and nonArg52 homozygous genotype. The absolute Type 1 diabetes risk for those individuals were similar to that for the general population. Thus, the presence of two vs one copy of both high-risk alleles permitted further discrimination in Type i diabetes risk than could be achieved by considering either DQ~ or DQfl alone (Table 2) . Those who are heterozygous at both loci and only have the possibility of producing one "diabetogenic" heterodimer, together with the groups remaining (i. e., homozygous for Asp 57 or non-Arg 52) that cannot form any of these molecules, had a very low Type i diabetes risk.
Discussion
The HLA class II alleles are recognized to be the genetic markers most highly related to Type 1 diabetes susceptibility. Among these, the DQ alleles are the ones previously shown to have the highest association with Type 1 diabetes [21, [23] [24] [25] [26] [27] and were used in these analyses. The typing was performed on a large number of subjects from Madrid using allele specific oligonucleotides for either the DQflor the DQ~chain alleles. These individuals were selected according to a standardized international protocol [22] , permitting precise estimates of the population gene frequency and genotype-specific incidence rates, and accurate comparisons between populations.
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The data obtained from this evaluation confirmed that in the Spanish population, the absence of aspartic acid in position 57 of the DQ flchain is also highly associated with Type 1 diabetes. The frequency of non-Asp 57 among the diabetic patients was in the expected range, but higher than predicted [22] based on the incidence of the disease [18] . It is likely that the absence of aspartic acid in position 57 of the DQfl chain may not entirely determine susceptibifity to the disease in this population, as well as in others previously studied [21, 27, 35] , since some Type 1 diabetic patients were Asp 57 homozygotes. Interestingly, as already observed in the case of the Chinese population [35] , the majority of the diabetic patients who were found to be Asp 57 homozygotes had only DQBI*0301 or 0303 alleles. These alleles were originally defined by Todd et al. [23] as "neutral" in their protective effect against Type 1 diabetes.
When we considered the effect of the alleles of the DQ~ chain, we focused on the presence or absence of an arginine in position 52. As expected, this marker was strongly associated with Type i diabetes. Moreover, the genotype-specific incidence rate for Arg 52 homozygosity and non-Asp 57 homozygosity were approximately equal. However, susceptibility to the disease was not confined to this genetic marker.
The analysis of both markers together showed an even stronger association to Type i diabetes, as was suggested by the French group [26] . When DQfl non-Asp 57 and DQ~z Arg 52 alleles'were considered in combination, the absolute risk of developing the disease was markedly increased (101 per 100,000 per year), supporting a synergistic interaction between the two markers. These doublehomozygotes were found in 65 % of the diabetic patients, but only 7 % of the control population, yielding a population attributable risk of 62%. Thus, approximately twothirds of the incidence of Type i diabetes in Madrid can be explained by the presence of these two high-risk alleles. It was impressive that only 8 % of all diabetic patients did not express at least one of the "diabetogenic" alleles either in the DQfl or DQ c~chain genes.
These data, therefore, provide strong evidence that a quantitative effect is promoted by both these DQ markers, since the absolute Type i diabetes risk varies with the possibility of generating 4, 2 or 1 "diabetogenic" dimers. This is the first study to generate data of this kind, and is an excellent example of molecular epidemiology, as it offers a model for assessing the magnitude of genotype-specific effects on Type 1 diabetes risk [36] . These data are also in very good agreement with the molecular hypothesis proposed by Khalil et al. [26] , in which the expression of the heterodimer consisting of a non-Asp 57/3 chain together with an Arg 52 o~ chain at the cell surface increased the diabetogenic effect. Although speculative, this hypothesis stands on the demonstration that these heterodimers actually exist [37, 38] , and stresses the importance of the complete dimer rather than a single chain alone, finding strong support in the three-dimensional confirmation of the DQ molecule.
The presence of a diabetogenic DQ dimer at the cell surface does not seem to be absolutely necessary for the development of Type I diabetes. In fact, this dimer cannot be generated in 8% of the cases tested. On the contrary, these results seem to point to a dose-response effect [22, [35] [36] 39 ] associated with these Type I diabetes susceptibility markers, a situation in which environmental factors or other genes must play their role as well.
These data will also serve as the basis for future studies of Spanish heritage populations. Through their migration to the New World, the Spaniards introduced new genes to the Americas and were exposed to novel environmental and cultural factors. 
